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«to2S^S,r ^ ? L^"** COfnp0smonS com P risin 9 start and synthetic thermoplastic polymers, 
suitable tor producinrj substantially biodegradable articles havrg satisfactory physical and mechanical orooerties bv 
conventional techniques for the processing ol thermoplastic materials mechanical properties by 

9 JZ^TTl"*- fcn ° Wn EP ' A '° 25S 752 COmpriSin9 sterch in a "^structured form and a polymer ol 
f2S11 V ^° n,C JPA ' 2 222 421 deSCnbB8 «»P««« from an emulscn of a P £n7dro*y 

tJI^v!!'^ ? ^ com P° 8ftol8 <*™P™"9 nonKieslructured starch and a biodegradable polymer 
^errrx^tlccomposmonsof »,e type mentioned above are knov^andavatebte^merrarketandarodS^ 
for nstance \n patent appications Nos. EP-A-0 032 902. EP-A-0 327 505. WO90/1 0671 EP-A-0 400 532 EP AX 7J1 
723. EP-A-0404727. EP-A-0 404 728, WO91/02024 and WO91A)2025 ^ ^ A" 0400532 * EP-A-0404 

EP-A-0 575 349 corresponding to W092/1 4782, which is prior art only under Art.54(3) EPC, relates to polymeric 
SSS °i Sla,Ch ' ****** ateohol copolymers, po^vinyl alcohol and modified potyvinySS 

oTo^e^Xton "* SpeCl1IC plaS,,Ci60r8 Sf0 sui, * bte to flV0id me »"-*fl «* *• Plssticisera 
Typically, these compositions are obtainable by blending a starch-based component and a synthetic thermoplastic 
component under conditions which are typical of extrusion cooking, that is in the presence of a limited amount Later 
or ptaoser (typcally 5^0% by weight referred to the starch-water system), at a terrperatura and pre^ZsuffS 

- *»" a mc.1 By means ot surt process. mcTZi b 

which b interpenetrated or at least partially interpenetrated 

~* 3 >"~»"» »*" w«h a polymerize mon- 

25 hJt SKiJi!" P ^ am ,nv8n,i ° n j 3 to ^ P°^«dc compositions of the type mentioned above, which 

■Zll^t 9fa ^^l haV9 ^ rovod m8chanical P^ies andtor improved resists to water and 
coSposKirSe ^ VaP ° Ur com P arison with me correspond^ properties of the known starch-based 

» n W e A b!e?ds^ill h ! b ,0 il P I 0Ve r MSSMiy * kn ° wn W^Bradable polymers, theraby to provide 

novel blende cornprnng suchpolymers. wh.ch are biodegradable and suitable to be more easily processed htofinished 
articles, particularty sheets, ffrne and filaments. P nionnisneo 

rrJ^^fT° "If*! aCh '° VCd 3 P oly,T,onc «^P««ion obtainable by cxtrudmg under tcrr^craturo and shear 
Z^ LT.fl? P ^ mer ' C C , 0flnp0nen,s com P a,tote ,rom ,he m **>9*aJ view point a melt comprising a starch 
» Po^^ 

aJjiOTopofymera of aliphatic hydroxy acids having from 2 to 24 carbon atoms, the corresponding lactones or 

^copolymers of aliphatic hydroxy acids having from 2 to 24 carbon atoms, the correspond™, lactones or betides 
T TT? 8 d 9fOUp consi8,in 9 * ««r*alle hydroxy acids having from 2 to 24 carbon atoms 

other than that constrtuting the first monomer, corresponding lactones or lactides. aromatic hydroxy acids aliohatic 
or aromatic rsocyanates; «wn«uc 

c) block or graft copolymers between the homopofymere and copolymers a) or b) with one or more of the following 
components: 9 

45 

i) cellulose or modified cellulose such as cellulose acetate, carboxymethylcellulose 

ii) amylose, arnytopectin, natural or modified starches; 

lilj^polyrnera deriving from reaction ol dtete. polyesters pre-polymers or polymers having diof terminal groups 

50 

- aromatic or aliphatic bifunctional isocyanates, 

- aromatic or aliphatic bifunctional epoxides. 
• aliphatic bicarboxylie acids, 

- bicarboxylie cycloaiiphatic acids, 
55 - aromatic acids or anhydrides, 

iv) polyurethanes, polyamide-urethanes from diieocyanates and aminoateohole, potyamidee polyestere- 
amides from bicarboxylie acids and aminoalcohols, polyester-urea from amin acids and diesters of glycols, 
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v) potyhydroxyia ted polymers selected from m group consisting ol po*vinylak»hol. ethylene^inylalcchol 
copolymers, lolally or partially hydrolysed and polysaccharides up lo deslrines V ^ °' 

vi) polyvinylpynrolidone. polyvinylpyrrolidone-vinylacetete copolymers, polyelhyWolines 

vii) wnomerc polymers selected from polyacrylales and polymetacry tales: 

d)polyestere obtained from monomers or comonomers such as defined above at a) and b) upgraded with chain 
extenders selected from .he group consist^ of isocyanatee, epoxides, phenylesters and a iS cTriCateT 
e^estersobtained^ 

polyepoxldee. the compositions obtained from the following components being excluded: 

" 8t ?^ 8yn, ? e,iC POtymer SeteC,ed ,rom ««hytene^nylalcohol copolymers, po^ylalcohol and modified nofwl- 
olher lhan sorbitol and aceuc acxls eslers of glycerine and selected Iran the lolowing groups: 

* ^J^^l!T hydrox * lated uni,s •«* u "» *<***9 from 2 to 6 carbon atoms. 

provKled that when the polyol „ formed by only one repeating unit it has at least 4 carbon atoms- 
- ethers, thteethera inorganic and organic esters, acetals and aminc^erivatives of pofyola. formed by from 1 

to 20 repeating hydroxylated units each including from 2 to 6 carbon atoms; ^ 

* KaTStenSe? 8 haVi " 9 ' '° 20 r9p6a,ln9 W^W* «C" includingfrom 2to 6 carbon atoms 

- polyol oxidation products having from 1 to 20 repeating hydroxylated units each including from 2 to 6 carbon atoms 
including at least one aldehyde orcarboxylic functional group or mixtures thereof. 

Hoowpofymera and copolymers of epsilon hydroxyacids are preferred, particularly of frhydroxycaprofc acid 6*v- 
droxyoctanoc. 3.7-dimethyho^vdroxyoctanoK: acid and correspond^ lactone xycaproe acid, 6-*y- 

lar^^T ° f Mf *T ^ k rOXyackis havln 9 from 2 to » atoms the fbllowhgacide and corresponding 
lactrdes or lactones are particularly contemplated ^ u 

" a J|JJ hyd,0 * yaci * SUCh 38 lac,ic ^ 3,1(1 ,h » corresponding betide, ghyedic acid and the corresponding gty- 
" ^li£le XyaCWS 8U * 36 hydroxypraplonlc acid ' hyofoxyplvalic and hydroxypebrgonic acid and the corraspond- 

- gamma-hydroxyacids such as hydroxybutyrric and the correspondhg lactone 

- delta-hydioxyacids such as hydroxyvaleric acid and the corresponding lactone 

- epsilon-hydroxyacld8 such as those mentioned above; 

- hydroxyacids having the hydroxy g,oup placed beyond the 6-position such as 10-hydroxydecanok: acid products 
°' nat "^ 1 ™W 33 acid (12-hydroxydodecanoic) and juniperic acid (ifrhydroxyhexadecanoic)- un- 
saturated hydroxyacids such as ridnoleic; acids deriving from alphahydroxybticn of fatly acids aucHSc 

.^Jlv*"! ^ ad * d9rivin9 ,rcm "y* 5 ^ 18 ^ <* unsaturated fatty acids such as oleic, ricinoleic 
mocenic ana erucc a ads; 

- cycloaHphatic hydroxyacids such as the hydroxyacids of cyclohexane and of 2,2,2-bicyclooctane. 

As copolymers of aliphatic hydroxyacids with isocyanatee. copolymers ct epeilon-caprolactone with 4 4--diphenwl- 
me^anediisocyanate (MOI), toluitendlteocyanate (TDI). isophoron diisocyanafe or h^nmethylen diis^anaS ara 

As the copolymers of aliphatic hydroxyacids and the corresponding lactones with aromatic hydroxyacids copolv 
mersofepeHon^aiprolaclone wilh beta-phenyl belie acid or mandate acid are preferred 

™««ZZ*T? SS^ } ' e) U8ad WW,ln *• * me P' esart have typically a melting 

2£S 2L Q . 6Ver ' ^ Cry5,alHn ° and amorphous polymers may be used; homopdymers and co- 
polymers having a molecular weight above 40,000 are preferred 

It is known that aliphatic polyesters having low melting point or low glass transition temperature are diflcult tobe 
processed by conventional techniques (or thermoplastic materials, such as fikn bl wing and blow moulding With ref- 
ererwep^ularrytorjc^y-epsilon^aprolacton and Is copolymers which have tow melting point, films produced ther - 
by are tacky, as extruded, and noisy to the touch and have a I w melt strong* over 13CC; moreover, due to the I w 

IS?!^ Ithefinished 
articles with an undesirable change of properties with time. It has been found that the blending of starch with polymers 
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a).0)an wst improvetheirproc ssabiiity properties without impairing themechwkalDfODertlM^h^nr^hii,* 

The relative ratio between the starch component and the polymeric component may va/v within wirf« limit, h-. 
pend.ng upon me final use to which the blend, of the mention ^adapted. S^o^S n S £n! £ 
used, preferably of from 1:4 to 4:1 , more preferably of from 1.5:1 to 11 5 

Preferred embodiments comprise blends wherein the polymeric component consists of poly^psilon-caorolactana 

rartto^pr^^^b^^ f ronTs: ^ton^i" 0 ' ' an9 ^' e ^ wo ^ trademark, BF Goodrich), or mixtures thereof having a weight 
According to another embodiment of the invention, the synthetic polymeric component comorises a crmm*, * 
poVmersorcopolymers^rrvedfromemytervcallyur^tu^ 

cohol, ethylene-vnylacetate and mixtures thereof. Particularly prepare. fcwevTh^^^^^ 

^SSZ r r 9 ^ ^ COrrCSPOnCfin9 ^Vfccctato cthy.cno^acctato, wlh ftS! 
rere^rS 8 °' ^ "* ^^y^ 0 " 0 ' copolymers are described * EP-AO 400 532 incorporated herein by 

The alcohol groups of the polymers mentioned above may be partially or completely modified to produce: 

1 ) ethers resulting from reaction with: 



• ethylene oxide 

- ethylene oxide substituted with alkyl radk^ up to c< wim a^tic radicals 
30 • acrytonitnle (Co 2 * initiator) 

- acrylamide 

- aryfalkylialidcs 

- chloroacetic acid 

- meihylchtoromethyl ether 
35 - si Ian 99 

Sane^ 9 ^ " Ph °^ ateS ' ""^ ca * WBBl * u ^ 

^SSeT 0 ' 3 r88UWn9 ff0m reaCti ° n a,iphaWC * af0matiC * to «^ Paticuterly of fatty acids or 
4) acetate and ketals produced by reaction with 



aliphatic aldehydes with up to 22 carbon atoms, 
unsaturated aliphatic aldehydes with up to 22 carbon atoms 
chloroacetateiehyde 
glyoxal 

aromatic aldehydes 
cyclic aliphatic aldehydes, 
aliphatic ketones 
arylaikyl ketones 
alkylcycloalkyl ketones. 



TThe reactions which produce the ethers, organic and inorganic esters and the acetate given ab ve can easiiv be 
bright about as descrfced in Chapt r 9 and in the literature cited in the cubical 'Polyvinyl J^S^ox 

It is also possble to use multifunctional polymers f polyvinyl alcohol and of ethylene^ alcohol (containing up 
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to 40% by weight of ethylene with degrees of hydrolysis of the acetate of between 100 and 50%) in which uo t 50% 
of (he ethylene may be substituted by co-monomers selected Irani (he group consisting of 

propylene, isobutene. styrena. vinyl chloride 1 .1-dichloroethene, vinyl ethers of the formula CH^CR-OR- in which R 
b hydrogen or amethylgroupand R is an alkyl group with from 1 to 18 carbon atoms, a cycloalkyl group orapofcether 
SI ^ %7 e ^ Cryton,,n,e - ketW,eS « ,h ° CH^R-CO-CHa-R h which R isVdrogen or a me% 

aSn^lil*! 3 "T^' 9rOUP Snd R ' * hydm9e " °' 3 ^ ^ ,he ^kali metal or 

^ne-earth metal salts of those acids, vtnyl derivatives ol the formula CH^Cfl-OCOff n which R is hydrogen or a 
melhyt group and Ft is hydrogen, a methyl group, a methyl group mono-, bh or trwubstiluted with chloro- oTfluoro- 
groups. or a i Cj-C, alkyl group, vinyl carbamates of the formula CrVCR-CONRR- in which R is hydrogen or a methvl 

anhydndeviny^yrrolidone.vinylpyrjdine.orl-vhylimidazole. 

™ e copolymerfeation is achieved with the use of radical initiators such as hydrogen peroxide, peroxysulphates 
dnd benzoyl peroxides, as descnbed in the chapter 'Polymerisation processes of vinyl esters" and the literature cited 
on pages 406 et. seq. of Volume 1 7 of the "Encyclopedia of Polymer Science and Engineering- 

cJlllt^JZ^?™ acc ™* ng !° th9 " venti0 ° compri5e - 88 «^8n« A. poly-epsion-caprolactone or its 
copolymers, preferably eocyanate copolymer* pdyhydroxybulyrrete. polyhydroxybutynaleAralerate. or lactic acidpol- 
ymeis or mixtures thereof and. as component B. poly-ethylene-vinyl alcohol, possibly modified as mentioned above 
polyvinyl alcohol or poly-ethylene-acfylic acid or poly-elhylene-vinyl-acetate or mixture thereof 

According to a further embodiment, the invention comprises blonds wherein tho synthetic polymer component 
composes, as component A, aliphatic polyesters, including the above mentioned polymers a) through e) and polymers 
obtained by polymenzations ol aliphatic diols with btearboxylic acids such as polyethylene and polybutylene^te 
or sebacate and, as component B, the same polymers mentioned in the preceding paragraph. 

Biodegradable polymeric compositions comprising starch and ethylenevinyl alcohol copolymers are known and 
provide films having outstanding mechanical properties and fair properties of resistance to water Such compositions 
suffer however of some drawbacks particularly relating to a loss of mechanical properties due to humidity changes 
Particularly below 10"C and tow humidity there is an undesirable increase of brttlenees and loss of the impact strength 
which constrtutes a Imitation in connection with their use in manufacturing articles lor packaging and the like appfiea- 
tronaJDn the other hand, as we have mentioned before, polymers a) - e) which generally have good biodeyadability 
propert.ee. are drfhcult to be processed and due to their low melting point may be used only in a Irnited range of 
temperatures. 

According to the inventwn. it has boon found that tho addition to polymers A of the starch component and ol the 
p0lym8r * suitable to improve the mechanical properties and achieve a lower permeability to water 

Va ^ r ^ iqUWWaler Particute,rt K th e addition of starch and polymers B component to polymers A has a nucleating 
ellect, which under the processing conditions of the blends of the hvention. provides for a substantial increase of the 
rate of crystallization of polymers A. The advantage is particularly effect™ In connection with the production of films 

moUiJg i>nd n,amentS m ° ld8d 81,10108 ^ m bkWrin9 ' ™ n Spinnin9 ' 0lOW m0ldin 9 ^ 

Blends including starch, polymers B and plasticizers are available on the market under the trademark Mater Bi by 
hST SUCh blendS l " ay b9 US6d " 3 S0UrM ,0f 5,3 ^ 3 P 0 * 1 ™' 8 to P rovWe the blends of the present 

The weight ratio between component A and B of the synthetic polymeric component is preferably of from 1 * to 6- 
1 . more preferably ol from 1 :4 to 4: 1 . 

Preferred composition specifically adapted tor injection molding comprise: 

- from about 20 to about 60 %wt starch component, 

- from about 10 to about 80% wt, particularly from about 10 to about 50 % wt component A, 

' ,rom 0 to abou « 45 % wt component B, particularly from about 2 to about 30 % wt component B, 

the percent amounts being expressed with reference to the sum ol starch and total synthetic component 
With reference to compositions adapted for the production of films, sheets and the like, the preferred compositions 
comprise: 

- from about 5 to about 60 %wt starch component, 

- from about 40 to about 80 % wt component A, 

- from 0 to about 35 % wt. particularly from about 5 to about 30 % wt component B t 

the percent amounts being expressed with reference to th sum of the starch and total synthetic component. 
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Whan the available product Mater Bi (Novamonl trademark) is used as th source for starch and tvoe B ooiwn„« 
preferred weight ralios between type A polymer and Maler Bi are from 60 20 I 30 70 ^ P V ' 

Dot a t~ e s St „>?,r d me PO,y ^ riC ^P 08 *™ 3 « f»°<°'W * native starch extracted from vegetables such ae 

It has been found that the use of a starch component comprising at least 78% wt amvlooectm allow* tr, nht** ««. 
by extrusion blowing, the cross section of which, when observed by scanning ^lectrS^l ?Tf£i IE" 

micro phases in which the crystalline structure of starch is no longer identifiable The achievemTnTo su^ 

rrxTb^ 

m JS S ^. P !f f S, !fl C °T nen,haVin9 80 «"nffcp«ancontort higher than 90 % wt and more desirably higher 
L^T, M ' s Pf 6 ™* A component oomptyhg with the above requirements may be obtained by^JS 

and/or convenlrona. starch with lower amylopectin content such as ma is starch end potato Zch ' 

on theotherhandastarch component having an amylopectin content tower than about 78% wt andcorresoondinofv 

anamytose content hrgher than about 22% wt appears to favour und»f..p««^oon^S!2E^ 

Wowing an rtarpronotration ot the starch component with the synthetic pofymer c«nponenT 

The above mentioned layered or lamellar structure may also be obtained by use of a starch component havino a 
!Lf rn ^ Ctn COntCm ' W9hor »*" about 70% wt, by addhg to the blond berg cxtrJcd a« sTSaTo wS is 

capably reducing the compiexing power of amyfose or capable of trading w?h st^ch ^me^ ThySifc 

JUf- ^i*^ °? boron containin 9 compounds in order to Improve transparency of starch / polymer blends is da- 
scrbed m U.S. Serial No 734492 filed July 23. 1991, incorporated hereinby referee * 

Arah ^^? e ^ COmPOSiti0n P,eferab,y inCludcs a P ias,icizer a» a concentration of from 1 to 50% by weight pref- 

of the starch and potymenc component(s). Potyob selected from the following are used as the ptafcnHn ™ Tc2 
P~''™w"™">hasynth^ 

a) polyols formed by from 1 to 20 repeating hydroxylatcd units each including from 2 to 6 carbon atoms, 

b) ethers thtoethere, Inorganic and organic esters, acetate and aminc-derivattves of polyols formed by from 1 to 
20 repeating nydroxylaled units each r,clud*g from 2 to 6 carbon atom* 'ormeo oy rrom 1 to 

aioTS S^enotr ^ ' to 20 "P—* «"■» ~* inctudbg I rem 2 to 6 carbon 

d) oxidation products of polyols having from 1 to 20 repeating hydroxytated units each includhg from 2 to 6 carbon 
atoms deluding at least one atoehydic or carboxylic functional group or a mixture thereof 

Compounds which have vapour pressures below that of glycerine at ambient temperature (25'C) aid which are 
soluble .n water are preferred, in order to reduce bleeding or sweating phenomenal the plrticteir tamISS 
articles obtained from the compositions of the invention. rrom nn,8ne0 

The aliphatic polyols of type a) include compounds of the formula: 



OH-CH 2 -<CHOH) n -CH 2 OH 



(I) 



li£T J! T, 1 * 8 M 9lyCO '- 9,ycaro '' er y ,nrito '- arablto| . atton«ol, xylitol, mannitol, tfltoi, galactitot 

sorbite* and ailitol and polyols which do not fall within the formula given above, such as propylene glycol. pofVglycols 
trimethytolpropane. pentaerythrftol. polyvhyl alcohol with from 3 to 20 repeating units, and poLyceref lom^bvhom 
2tot0, preferablyfrom2to5. monomelic units, including mixtures of various Oligomers P^^^ ,0mied ^ ,rom 
mi J£j!S^'!"^ teMe* of paragraph b) pr ferabty have structural formulae which can be obtained by the 
substtubon ol at least one alcoholic functional group of the |X)lyol In question, which Is preferably selected from mow 
cited in the preceding paragraph, by a functional group selected from 
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-0-(CH 2 )„.H in which n = MB. preferably 1-4 
•O-CH-CH-R, in which R, = H or -CH 3 
-Or.CHjrCHF^-Ok-H in which R, = H or CH 3 and n = 1-20, 

■O^CHaVAr in which Ar is a simple, substituted, or heterocyclic aromatte radical and n = 0-4. 
-ONCfe 

-OPOjMj in which M may be H. ammonium, an alkali metal an alkalne earth «, 

trimethylammonium. pyrldinlum or picoline, ' °' ™ ° r9an '° 03,00 P*« K ^* 

-S0 3 -Ar in which Ar is benzene or toluene, 

met* or ^ « which n = ,Tor a^ ^up ' ' * K " """" " """""^ 

^^" fl j'" which R i "«V be -H or an aliphatic or aromatic radical. 

-OICH^.-COOM jn which n = 1 -6 and M may be H. en alkali metal an alk«iin<w.arth —.-i 

organic cation, particularly pyridinium. trfcnethy.ammon.um T pSe a,ka, ™~ arth ammoniu ^ * « 

-CHCH a )„-COOR, In which n = 1 -6, R, = HJCHj)^ in which m = 1 -6, ' 

232? r 2? ? = H ' CH3 "' CHsCHl -- °WH or a sa.ihod amino group, 

T^tTet ^ * andfl2= K <-CH 2 .CH 2 OH. 9 andm^cntheaminog r o U p 



2S 



-0-CH 2 -CH-CH 2 , 

\ / 



^ ^S 0 "^^^ 1 ^ 8 h " hiCh B ' andR 8 a "» the M> or different and are selected from H and HfCH \ 
in which n = 1 -6 and n which the amino group may be salified ( 2>B 

SSf^^ 2 u^ h Cr "^Htl* 9 8 trialk »" ammo " i ^. IVidWum or picoline group. 

55 -0-(CH 2 ) n -CONH2 in which n = t -6, 

•°-( CH 2)m ^(CHg^-H in which mandn = i-4 
-SCSNHj. 

-O-SiXs and -O-SiOX, in which X may be an aliphatic or an aromatic radcal. 

Preferred compounds are of the formula 

R-CH 2 -(CHR) rt -CH 2 OA-OCH 2 -(CHR) m <:H 2 fl 

in which n and m are the same or different and have values of from 1 to 6, the R groups are the same or different and 
are hydroxy, groups or have the meaning given above, and in which A is select* ZC^XT 

-CHR, in which R, = H or H-fCHJ^. in which n = 1-5 (acetate) 
iCH&f in which n= 1-6, 
-(CH^O-CH^ in which n = 1-20, 
(CHjCHjO^-CHaCKj- in which n = 1 -20, 
-OC-fCH^-CO- in which n = 0-6, 

-OC-Ar-CO in which Ar Is an aromatic radteaJ which is also heterocyclic, 
-P0 2 -, ' 
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-CONH.(CH 2 ) n NHCO- : 
and compounds of the formula: 

R^H^fCHRJ^H^A-CH^CHRL-CH^-R 



NM. ana .«h. ( ch,«vn» m M „ » ."JL ^ ~ , „ f * " ■"•W—t* 
- pentoses and their derivatives ol the formula: 



R-CH-(CHR) 3 -CH 2 



(ID 



E^ronh^e *ZZ* W r n> 01 f 6,801 3nd afe h * ra *' W» « ^e the meaning given above 
m^Zstrs, ^ ^ ""* W *~ nbOSe - "Vbse and. preferabfc thlfmonoXrs and 



- aldohexosas and their derivatives of the formula: 



CH 2 R 



H-C-(CHR, 3 - CH - R |XI 



and ketohexoses and their derivatives of the formula: 



CH 2 R 



OH-C-(CHR) 3 -CH 2 (IV) 



0 

in which me R groups are the same or different and are hydroxy, groups or have the meaning given above. 
« in JoT^'alTair 088 ^ 98 ^ ^ ™™ ' ■ att ^ ■*"»■* «*-. 

Tne polysaccharides include compounds having up , 20 repeating units of formula (II). (Ill) or (IV) with molecular 
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weights up to that of dextrin. 



TO 



IS 



20 



05 



40 



50 



!T . ^ ^ 1 a/n,nosoft)l01 ' <n^roxymethy fcrninomefriane, gfucose/PEG the orodue. of r« a *#i«« L 

«-.I he ^lT eriC mat0rial 8,80 includ0 a 9 en,s - such 85 w hydroxides of alkali metals or of alkaline^ 
of me entre composition are added to the mixture of starch and copolymer lh0 W8i9h1 

The polymenc compoeition of the invention may also include cross-inking agents such as aldehvdes ket»M»H 
glyoxab. process coadjuvanls and release agents, and lubricants which are normal! ^^ted^^S^! 
mouttng or extrusion, such as fatly acids, esters of fatty acids, higher *JTSZ^£ TSSCZ™ 
flame-prooHna agents, herbicides, antioxidants, fertilisers, opacifies and stabBisS 9 * CS ' 

Further additwes comprise polyvinylpyrrolidone, polyoocazoline, cellulose acetates and nitrates, regenerated eel 

a z ssrssrr ™ — — £ 

h M ,^ POlymahC COrnpOSrtbnS 3re P ,e,era, "y P reoafed ^ «he mixing of the components died above in an extruder 
^ 3798 ar^ ep TZ£? 100 ^ ^ by me mathoSs descried i!^£5£ 

!»ril,f^ nf f P-A- 400532 '"corporate* herein by reference. The compoeition supplied to the extruder includes 
J^c^lZ t T 6re T Bn l°' ^ ^ 5% by weight) and water may be added^^oat 

The composition of the invention have preferably a water content of from 1 5 to s% Jt « ar*,,^ 7^™ 

«mg » or aouDie-screw extruders. AHhough the process « preferably carried out in an extruder the starch eimthmir 
po*mer and plastlcizer may be mixed by any device which ensures condfloos J 2nd Stall 
suitable to make the starch and Ihe polymer used compare from a fNotaJSJoKST ^ 
slepT 8 " P ' eParin9 ^P 08 *" 0 " 8 * 9,8 iwent,on = t» pteferred conditions, includes .he following 

' !!!2! n it ! 8,arch f 0 " 1 ^ 9 " 1 ^ »y n,h8 t* PoVmer component by means of the plasticizer, and possibly 

ZflS! J? !? , aCh ' 6Ved ' ,0f ^P' 0 - durln 9 a "* s,a « 8 01 transportation of the conWants 
through an extruder, lor periods of Ihe order of from 2 to 50 seconds, components 
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* SIS"? a controlled manner under pressure or under vacuum to produce a melt at a temperatur 
- cooliig the finished product in a water bath or in air. 

the al^SShT^^,'! Pfe,Brab,y Pfepar6d * mi, * a ,he «Wn.a mentioned dreet* but 

uro starch may also be treated beforehand in the presence of plasticizere, and possibly added water with temoerL™ 

T Tl ^ 1 00 to220 " C to P roduCB ^ thermoplastk: starch. This starch rnay beS^^ne synS ct^l, 
and a further quantity of plasticizer during a second step. For polyvinyl alcohol and eSneX. aSoTSZ 
apon^ of me tota. quan % of plastidze, is added at the s^ 

The blende of the Invention, may be obtained by direct blandkig. preferably by means of a conventional extruder 
the component A polymer a) to e) with previously obtained blends obtained from starch and B polymers. 
Example 1 

ethvSe^^^ 

or as s%. 5 parts urea, 0.3 parts Amnide E, 12 parte sorbitol mono-ethoxylated, 3.7 parts glycerine and 3 oarte water 

section. The following operative conditions were selected for the extrusion process: 

Screw speed (rpm): 170 
degassing pressure (bar): 0.9 

Sc / Src msSc" 9 ah Z0 " e thefmal ?nM * "** Mne ' 90,0 ' 140<0 ' 180 ' c ' 180, ° ' 180,0 ' 

head temperature: 145'C with melt temperature: 145*0 
head pressure (bar): 27 
absorption (A): 67-69 

The extrudate in spaghetti-like form was cooled in a water bath and transformed Into oellete the ™iiet s had an 
intrinsic water content of 35% by weight (product named r the follow™ pellet AlT ^ 
The following composition: 

2 2 K:;iT p,obc,one (PCL ,tone p - 79r - regis,ered « radema,k ^ cart **> 

4 parts glycerine 

wasfedtoanOMC extruder,dameter20mm, compression ratio 1:3, having four controlled temperature zones without 
■ntermedate degassing section, operating under the followrg conditions: "^sraiure zones, witnoul 

screw speed: 45 rpm 

thermal profile : 1407145/150/155*0 

extnl^S.^ in J a ?!o' like ™" lrans,om,ed inl °P e,tel * ft*** A2). The pellets A2 were fed to a HAAKE 

^Jii^J?^ provided with a blowrng head, and Iran sfomned into fi Shaving a thtckness between 30 and 
50 micron. The mechanical properties of the obtained firms are given in Table 1 . 

ExamoJeJ 

Th procedure of example 1 wae repeated by using in formulating the pellets A2 the f (lowing composition: 
70 parts PCL -TONE P-787* (Union Carbide) 
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30 parts or the pellets Al 
6 parts glycerine 



The mechanical and permeability properties are given in Table 1. 
Example 3 



The procedure of example 1 was repeated by using in formufcting the pellets A2 the following corrvosrtion: 



60 parts PCL 'TONE P-7B7" (Union Carbide), 
40 parts of the pellets At 

The mechanical properties are given in Table 1. 
Example 4 

The procedure of example 1 was repeated by using in tormutatng the pellets A2 the following conposition: 

50 parts PCL 'TONE P-787' (Union Carbide). 
50 parts of tho pellets Al 

The mechanical and permeability properties are given in Table 1 . 
Examples 

™ parts of the pellets Al and 50 parts of poly^silcvvcaprobctone P-787 (Union Carbide) were fed to s*ne OMC 
ertruder used for the production of pe.ets Al without intermedfcte degass*g section opening utJE^ 

Screw speed: 1 30 rpm 

thermal profile: first cold zone / 90*C / 1 30°C / 150*C / 155°C / 160'C / 160'C / 160°C/ 150'C 
head temperature: 145 g C 
pressure: 32 bar 
absorption: 105 A 
productivity. 60 kg/h 

™° th ^ta^ pellets were fed toa blowing apparatus with a diameter of 44 mm and UD equal to 30 provided 
with a film btowng head having the following features: P ° 

die diameter 100 mm 
die gap: 0.5 mm 
die land: 10 

The conditions for film blowing were the follow* g: 
Screw speed: 65 rpm 

thermal profile of the extruder 1 35 # C / 140^ / 140 # C / 140*C 
neck thermal profile: 140*C 
head thermal profile: 135 # C 
draw ratio: 3. 1 
blow-up ratio: 3.2 

Films having an ■ ^ — ... « w * • in<i m »o uuuax 

and permeability of the thus obtained films are given in Table 2 

Examples 

The procedure of example 5 was repeated by feeding t tie film blowing device a composition comprising 47.5% 
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Example 7 

wt of the pellets M, 50%wt of poly^psilon-capralactone and 2.5% wt urea. The features olthefikns are given in Table 2. 
Example 8 

„, ,J** .^"'f ° f 8Xampl9 5 ' ep8aled by ,aedin 9 ,0 9,9 fllm btowi "B device pellets obtained from 4* 5% wt 

^Td7r^ 

Examples 9 - 16 

r, JD^T^'tl 01 eXamf>le3 1 • 8 re P eated b y "*"<>• instead of pofy-epalwvcaprotactone P-787 (Union 
Carb.de) afone^a blend 4:1 wt of the tetter and of a copolymer derhred froZps^^SL.on^d b^ £Z 
= a (potyester/urethan.) produced by BF Goodrich (Estane, registered trademarij; toe properties ofThtZ 
obtained tikne wcro comparable to those of the tikns obtained according to oxar?lcs 1-8. 

Examples 17 -23 

fo. J*™ SbteTI^ri LT^ ^ 3 diame,8r * »•""«» 25 ' * e «^P^«ion given in me 

follovrfng T&ble 3 were directly ted. In some cases, which are indicated by an asterix in Table 3. the pohnipsilon. 

SISSEST" T*"^ "US copolyme, (ethylene nxXar ^ 44^25. 

degree 99.5%) by means ot an extruder. The APV extruder was operated according to the following conditons: 

Screw speed: 170 »pm 
productivity. 13.1 kgm 

thermaJ profile: first cold zone / 60'C / 160»C / 165«C / 170»C / 170*C / 170»C / 170»C/ 160"C / 150»C 
head temperature: 140*C 

w I*!!*' 1 *'? 16 8 P!? enMika ,om » Prized and then led to an injection moulding press Saidretto to produce 
mechanical properties are given in Table 3. 

Example 24-25 Btow-molding 

The following compositions were directly processed by bk>w-mc4ding to produce plastic bottles: 







Ex 24 


Ex 25 


Starch O 


%wt 


44.6 


446 


PCL P-787 (") 


%wt 


41.1 




Es1ane(***) 


% wt 




41.1 


Glycerine 


%wt 


11.8 


11.8 


Water (added) 


% wt 


2.5 


25 



* Union CartUfc 
-BF Goodrich 



The above compositions were fed to a AEMME blow-molding apparatus having a constant taper screw (oppres- 
sion ratio 1 :3) with a diamotor of 30 mm. UO equal to 25 with Iho fallowing operative conditions: 

mold type: round bottl .diameter 50 mm 
cooling system: water 17*C 
air pressur : 6-7 bar 
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Ex 24 


Ex 25 


cylinder 


T1 


•c 


100 


150 




T2 


•c 


100 


150 




T3 


•c 


105 


150 


head 


T4 


•c 


110 


160 




T5 


•c 


115 


150 


screw spaed: 




rpm 


42 


42 


parison speed 




rrv'min 




07 


melt T (T3) 




•c 


106 


147 


blowing time 




sec 


11 


10 


bottle weight 




9 


229 


21.8 


wall thickness 




mm 


075 


0 75 



No relevant dfticu1.es wore found in the production of the bottles by blow-moldiiq under the above a***** 
P-787 atone gave nse to ditties such as the need to substantial* increase the b.^ 

Example 26 - 27 

The procedure of Example 1 lor the production of pellets Al was repeated with the use ol a waxv starch havina «, 

ASSISE? abou,99% "" M «" ^ ™Z1£2££X2Z 

The thus obtained pellets were blended with poly-epsflon caprolactone P 787 (Union c^mai Hi r^, ;„ ^ «, 

Ghioldi apparatus: diameter 40mm and L/D 30 

screw: constant taper, compression ratio 1:2.8 

shape: spiral 

die diameter 100 mm 

die gap: 0.5 mm 

die land: 10 

Film blowing conditions: 



screw speed: 65 rpm 

thermal profile of the extruder 135/1 35/1 40/1 4CC (melt temperature 152*C) 

neck thermal profile: 140-140*0 (melt temperature 152"C) 

head thermal profile: 135-135°C (melt temperature 140»C) 

neck pressure : 274 bar die pressure: 73 bar 

draw ratio: 3 

blow-up ralio; 3 

anH TJ? m ^ h T iC ^ P ermeabl,lt y Properties to water vapour (determined by the method of Ussy 39*0, R H 90%) 
andtolK,udwater(2t^^ 
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Example 26 Example 27 

break stress MPa 29.4 33 2 

break strain X 765 ^ 
tear strength N/m 4 

at P rioin 9 43{yj 76<*) 4 7(y) 9 0(x) 



tear strength N/m* 

at propagation 43{y) 76(x) 47(y) 90(x) 

break energy Kj/m» 6764 8441 

E (Young modulus) MPa 425 365 

permeability to vapour 

(g . BOnm/m 1 . 24h) 170 252 

permeability to 
liquid water 

(g . SOum/m* . 24h) 90 ioi 

(x) transversal 
(y) longitudinal 

Bk)de9radability tests carrbd out on the predicts obtained from the above example showed a substantial roorove- 
h * ,h ° hn °" n ^P 03 ^ composes compnsirJTtarch, ^t^^^So 

****** 8uch 38 film3 ' sheets - laminated films and sheets, filaments, fibers and injection molded articles 
EST ^ hef8ln d9SCribdd «^<™ ^ Nactton mowing, extrusion, blow moldLg, ISS 
2Z£Z 9 COnVOnttana, m0thOd8 f0f me ■"»■*» * matnals MrtNi*! sa£5 

in al^^t^^ < f Tiprjse . fi,ire for absorberrt arti <*». such as diapers and the Ike. for mulch and packaging 
in general ftte tor protective coatings or films coextruded wth biodegradable and non-biodegradable polymers 
Laminated films are described ti WO92/02363. ^ Pernors. 

m J:°T^! tl0nS ^^"9 ,0 me jnvention comprising type A and type B polymers are useful to produce selective 
membranes for pervaporation processes. K 0 
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Claim* 



1. A polymeric composition obtainable by extruding under temperature and shear conditions to render ih- ^ 

JJ^T*™ - a.ipba.« hydroxy acids havng from 2 to 24 carbonate, the corresponding ketones or 

SSgZplZ'^" 8 be ' We9n ^ h0m0P °^ erS "* *> - b, with one or more o, the 

i) cellulose or modified cellulose such as cellulose acetate, carboxymethylcellulose- 
it) amytose, amylopectin, natural or modfied starches- 

££S ^ ,r ° m ^ °' di °' 3 - P °* Mtere - <■*— ^ving dM lermral 

• aromatic or aliphatic bifuncllonal Isocyanales, 

• aromatic or aliphatic bifunctional epoxides, 

- aliphatic bicarboxylic acids, 

• bicarboxylic cycloallphatic acids, 

- aromatic acids or anhydrides, 

iv) polyurethanes : polyamide-urethanes from dilsocyanates and amhoalcohols polvamidas ooiu«i»« 
amtdea from bicarboxyiic acids and am Alcohol,, pofyester-urea from ^JS^SlSS^ 

v) poJyhydroxylated polymers selected from the group consisting of polyvinylalcohol ethvlene^invtaienhm 
copolymers totally or partially hydrolyscd and po^saccharides ^sirint ^^^^ 

lpyrrc i id009 - POVrinytpyrrofidone-vlnylacstate copolymers, polyethytoxazoines 
vi.) wnomenc polymers selected from pofyacrylates and potymetacrytates; 

IS'^LT^T m T° merS ° f COm0nomers such as above at a) and b, upgraded with 
chain extanoan, selected from the grcn* consisting of tocyana.es. epoxides, phenytesters aid S££ cT 

3) P ° ly ~ tBr * ^neO from monomers and comonomers defined at a) and b) above partially cross-linked h» 
cyanatas and pohrepoxxfes. the compositor* obtained from the foltewing component beingexS* 

' fS^ny?aS 0 L^uTJr i !i ,rOra "V"^**** polyvinylalcohol and modffled 

^^-^1' a , 5eo °^ 6 V n,h9 " c selected from a, and b, polymers and 

a ptaatioaar other than sorbto. and acetc ac.de eaters of glycerine and selected from the tdbwtog groups: 

m ZTL ^ POly01 " ,0mWl 6y 000 rap ° a,in 9 uni » * hM * 4 carbon atoms; 
elhe^ Ihoelhers, morgan c and organic esters, acelab and amincnlerivalives of polyols termedbvlrom 
1 to 20 repeating hydroxylated units each including from 2 to 6 carbon atoms: 

atoms aiduding at least one aldehydlc r camoxylfc functional group or mixtures thereof 

2. A compoeition according to claim 1 , wherein the starch-based component and the synthetic oolvmeric 

are n a weight ratio ot from ifflofcl, preferably from 1:4to4:V ™syntnetic polymer* component 
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3 * tSSS M * t0 ^ 1 ^ 2 ' ^ ^ Symhel * 00 ^ iS a 01 a ^ with a 

4. A composition according to claim 1, wherein synthetic component is a odvmer or a enoni™*, ^ * . 

5. A composition according lo claim 4. wherein the synthetic component is a copolymer ot an e-hvdroxv acid and * n 

»polyn«,M t -c«, mBs |«,„„ ma „ a , w , lico , araraB <ncmailj . r a roijnl ^ a W^wow™ and 

10. Accfflpwit^cconJingtoclaimg, wherein component B comprises a polymer selected from the orouo consist 
yicnc vinylafcohol, modified potyvnylaJcohol and mixtures thcroof. 

h\^!liT h aee0rdln9 V*" 10 ' " hw,ln Com P aienI 8 C «"P"«* a polyethylene^hylaicchol obtained by 
hyoyotysis of the corresponding pofyethytene-vinylacetate, having an ethylene content lower 9mn!S\ 2 1! 
and hydrolysis degree of the acetate groups of from SO to 100%. by We,gM 

13. A composition according to claim g. comprising: 

• from about 20 to about 60% wt of the starch component. 

- from about 10 to about 80% wt of component A. 

- from 0 to about 45% wtof component B. 

the percent amounts being expressed with reference to the sum of the starch and total synthetic component 

15. A composition according to claim 9. comprising: 

- from about 5 to about 60% wt ol the starch component, 

- trom about 40 1 about 80% wt of component A, 

- IromO to about 35% wtof component B. 

the percent amounts being expressed with refecenc t the sum of the starch and total synthetic component. 
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1S. A composition according to claim 15. comprising from about 5 to about 30% wt of component B 

1? ' tZZZTlZTZ 0 '^ 9 *° C ' aim ? 1 '° 8 ' °° ,T,pfiSjn9 "° m 1 «° M% * wei 9 W . «° the starchfcynthetic 

polymer system of a plasticiser selected from the group consisting of glycerine, polyglycerol. glycerol ethoxylate 
e.hyleneor propylene glycol, ethylene or propylene diglycol. ethylene or propylenVtVigiycol (^IZ^T^- 
propylene glycol. 1,2-propand.o.. I.^ropandiol. 1,2-. 1.3-, M-buland^entLio" iSSSS'Sf 
mo^S"^' 'ZZTff*' ,,ime,h V° , P re P a "«. Pentaerylhrifol. sorbitol acetate, sorbitol diace.a.e. somtei 
monoethoxylate, sorbitol dpropoxylate. sorbitol diethoxylate. sorbitol hexaefhoxylate. aminosorbitol trtnr- 
™^r'T 8mane ' 9 ,UC05aff>EG - ,h8 <* '^ctwn of ethylene oxide with glucose, trimethylofcro- 
pane monoethoxylate, manmtol monoacetate. mannitoi monoethoxylate. butyl glucoside. glucose monoethoxvlato 
a-methyl glucoside, the sod.um saf. of carboxymethylsorbtol. poyglycero. mioethoxybtea^ I SSSS 

18. A composition according to claim 17. whereh the plasticiser is present in the amount of from 1 to 50% by weiqht 
w,.h reference to the weight ol the tola, composition consisting o. ihe slarch and polymeric componen U>) 

m,Tne^!e^ C ° rt,in9,OC,aim 16 ' ^ n me P* 95 ^ « ^ Blycerre and sorbitol ethoxylate and 

t^7lTt^^t^ m C ° mprisi " 9 Ufea ift me am ° Unt 01 ,ram 0 5 to 20% wt with reference to the 

a1 ' k S^! ti0n accorelin 9 to clairns 1 <* 8 - comprising up to 5% wt with reference to the overall composition ol 
hydrophobic polymer selected from the group consisting of polyethylene, polypropylene and polystyrene. 

defined in a) to e) of claim 1 and a plasticiser selected from the group as defined in claim g. 

23. A composition according to claim 22, wherein the plasticiser is used in an amount from 1 to 50% on the weight of 
in e composition. 51 

24. A composition according toclaime 1 or 8, havinga water content of from 1.5 to 5% wt with reference to the overall 
compos i ion . 

* Ac^postUooaccondiag to claims 1 to 24. comprising an addtive selected from the group consisting of cellulose 
acetate and nitrate, regenerated cellulose, alkyl cellulose, carboxymethylcellulose. 

26. A composition according to darns 1 or 8, wherein the starch component comprises more than 78% wt of amylo- 
pectin 7 

27. A composition according to claims 1 ore. comprising frem 001 to 10% wt with reference to the weirtt of the starch 

ZLT^.r, add , ,h , 9 3 !' 9Ct9d ,r0m ** 9roup con ™ in * d **** *»*. acid, aluminium ry 

droxide and alkali-metal salts. 

28. A compostion according to claim 23. wherein the starch component has an amytopectn content higher than 70% 
Dy wsigpit 

29. A eor^lbn according to claim 9, wherein component A comprises a polymer obtained by polymerisation of an 
aliphatic did with a bicarbcwylic acid. 

30. A composition according to claim 251, wherein the polymer obtained by polymerisation of an aliphatic diol with 
bcaiboxylic acid is selected from polyethylene and potybutytene adipates and sebacates. 

31. Articles, particularly films, sheets, fibers and filaments as obtainable by the use of a polymeric composition ac- 
cording to claims 1 to 8. 

32. A film or a sheet prepared from a composition prepared from a melt comprising starch, polycaprolactone and a 
plasticiser selected from glycerine and sorbitol or mixtures thereof. 
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PatentanaprOett* 

ITZ'lTT™*** 7 ? 9 - 9,MI,liCh dU,Ch Ex,njdier8n *™ «nter Tamperatur- und Scharbedingun- 

la^J^T^J ^ ompone " ,en 305 ^wlofl^chef Sicht vemaglth zu machen, wobei dia Schmelze eine 
1S!SSS^T SJ T' he,iSChC *° mO 0 Me Pc^Komponema aufweW. wobai dia synth™ 
™ Pofymer-komponanta mindestens afti Poymar odef am Gemisch von Polymeren* dia 

ausgewahlt werden aus der Gruppe bestehend aus: 

^cZSuTtZ 31 ^^ 9 " HydraXy6aUren m 2 biS 24 Kohianetoflatoman. dan entsprechenden 
b) Copdymeren von aljphatischen Hydroxysauren mit 2 bis 24 Kohlenstoflatomen. dan entsprechenden Uc- 
Z [ m " M „° nat19ren ' aUS9ew3hl 308 * r 6 "W* bestehend aus alphatischen Hydroxysau- 

17 2 , b,s 24 Xohlanstoltatoman. dia varschiadan shd von janan, dia das arsta Monomer bild*v an^pra- 
chenden Uctonen ode, UcWen; aromalischen Hydroxysauren; alipbalisehen ode. aromalischen IsocyL- 

i) Cellulosa Oder modifizierte Cenulosa. wie z.B. Celluloseacetat. CarboxymethylcelMose- 

ii) Amyloso. Amylopcclin, nalOrlicho odcr moditizicrto Starkcn 

mZZwwZ?"* ^ UmSetZUn9 Di0,en • ^yw^-vbrpolymafan oder Polymeren mit 

- aromatischen oder alphatischen bifunktionallen Isocyanaten 

- aromatischen oder alphatischen bifunktionallen Epoxiden. 

• aliphatischen Oicarbansauran, 

• eyctoaliphatischen Oicarbonsauren, 

• aromatischen Sauren oder Sauraanhydriden, 

iv) Polyurethane. Pdyamidurethane aus Oiisocyanaten und Amrioalkoholen, Polyamide. Polyesteramide 
aus Oicafbonsauren und Aminoalkoholen. Polyester-Harnstofl aus Aminosauren und Oiestem von Glv- 
colon, 1 

v) polyhydroxy|jen© Polymere. ausgewahlt aus der Gruppe bestehend aus Polyvlnylalkohol: Ethylen-Vmyl 
altonol-Copolymeren, die vdlstSndig oder teilweise hydrolyslert sine! und Polysaccharide* bis zu DesW- 
nen: 

vl) Poryvtnyfcyrrolkton, Polyrvlnylpyrroikton^^ Poryethytaxazollne- 
vii) wnomere Polymere, ausgewahlt unter Polyacrylaten und Polymetacrylaten; 

d) Poiyestem, erhaHen aus Monomeren oder Comonomeren, wie z.B. oben unter a) und b) definiert die mil 
Kettenver^gerem, ausgewahlt aus der Gruppe bestehend aus Isocyanaten, Epoxiden, Phenyleslern und 
alphatischen Carbonaten vertangert sind; 

e) Poiyestem, ernaften aus Monorneren und Comonomerea wie oben unter a) und b) definiert, teilweise ver- 
netzt mittels pdyfunktioneller Sauron, ausgewahlt aus der Gruppe bestehend aus Trimellthsaure, Pyromel- 
hthsaure, Polytsocyanaien und PoVepoxiden : wobet Zusammensetzungen, die auegehend von den rolgenden 
Komponenten ©marten werden, ausgeschiossan sind: 

• Starke, en synthetisches Polymer, ausgewahlt unter Ethylen-VlnylalKohoKCoporymeren, Polyvlnylalkohol und 
rnodrfiziertem Polyvlny lattohoi und Gemischen davon, eine zweite synthetische Komponente, ausgewahlt un- 
ter als a) und b) defiriierlen Polymeren. und einem Weichmacher. der verschieden isl von Sorbit und Essio- 
saureestem des Glycerins, und unter den folgenden Gruppen ausgewahlt wird: 

- Poryolen mit 1 bis 20 wiederkehrenden hydroxylierten Einheiten. wobei jede Einheit 2 bis 6 Kohlenstoff- 
atome einschlieQt, mit der MaBgabe, da3, sofem das Polyol aus tediglich einer wiederkehrenden EinheH 
gebildet wird. diese mindestens 4 Kohlenstoffatome besitzt; 

- Ethera Thtoethern, anorganischen und organlschen Estern, Acetalen und Amri-Oerivaten von Polyolen 
die aus 1 b» 20 wiederkehrenden hydroxylierten Einheiten gebildet warden, wobei jede Einheit 2 bis 6 
Kohlenstoffatome aufweist: 

- Pory l-Umsetzungsprodukten mit Ketienverlange rem , wobei die Polyole 1 bis 20 wtederkehrende hydro- 
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xyllerte Einheiten mit jeweils 2 bis 6 Kohlenstoflatomen aufw isen 
' K^!2!? 1 ! i0nSPr ^ U,l ^ "* 1 20 wied8 ' keh ' e " d e" hydroxylierlen Einheiten. die jeweils 2 bis 6 
da^tSa MW ' y * ° de ' C "*«*»^-"*n-. Gruppe <!de, Gemis* e 

2. Zusammsnseteung nach Anspruch 1 , wobei die (Components aul Starkebasis und die synthetische Polymer-Kom 
ponente n emem Gewicbtsverhaltnis von 1 .9 bis 9:1. vorzugsweise von 1:4 bis 4:1. vcSiegen PWymer - Ko,n - 

4. Zusammensettung nach Anspruch 1 . wobei die synthetische Komponente ein Polymer oder ein Copolymer einer 
c-Hyd^rsaurs Oder eines entsprechenden Lac.ons, ausgewaM aus der QruppTbesSld ^SSZS! 
pron-. 6-Hydroxyoctan- und 3.7-Dimelhyl^-hydroxyodansaure. isL Hydroxyca- 

8. Zusammensettung nach Anspruch 4. wobei die synthetische Komponente ein Copolymer einer e-Hvdroxvsaun» 
isocyanaUsophorondiisocyanatundHexamethylendiisocyanat.ist. °.*ocyanai. Toiuylidend.- 

& cZZ^rrZ,"^ A ^ r0Cf,Cn 1 biS 5 " WObci dio V*oBscho Komponente Poly^aprotacion odor oin 
Cc^oVmer von Poy-e-Caprobcton und einem aliphatischen Oder aromatischen Isocyanat odereinem GemiS 

S^SZ P °^ rotert0 " "* — — SSL. CeiMosetrS 

fa^Tv^rT^P 6 ' "° bai * Syr,ha,iSd19 KWnp0n8 " te ^-CaprCacton mi, enem Mo.eku- 
S^SL^ 7 WOb6i 1318 8yntheti8Che Komponente ein Qemisch aus Poiy^pmiacton 



7. 



8. 



9 2 ^ammcnsctzung nach Anspruch 1 . wobei die polymcre synthetische Komponente ein Gcmisch einer KomDo- 
nente A ai«gewah» unter Polymeren a) bis e) und Gemischan davon, undTerKomponente B^dJSlSZS 

herten aulwejsl. d» mrt mindestens erer lunkecnelen pdaren Gruppe versehen single ausgewSh aus 
Z^^T: Z^IT Carb ° Xy '- C **"**W Ailcytcarbeory,. Pyrro,lo?und Zu 
sammenseuung ein en Weichrnacheraufweist der ausgewahlt wird aus der Gruppe bestehend aus Glycerin Mo- 
no- Dwataten des Glycerins, Sort.it, Ethylen und Propytenglycofen. Ethylen-oder Propylendig JSrE^- 
len-oder Propytentriglycoten. Polyelhylenglycol. Polypropylenglyool. 1.2-Propandfal. 1,3-P^and« 

10. Zusammensettung nach Anspruch 9. wobei die Komponente B ein Polymer, ausgewahlt aus der Gruppe bests- 
hendausPolyvinylalkohol. Ethyten-Acrytoaure, Ethylen-Vinylacetat-. EthylenVrnytaZ* hfepXn^mSh 
aertem EthylervVTnylalkohol, modifiziertem Poiyvhylalkohol und Gemischan davon, ist 0 ™™ Kn ' 

fl^^^l'T^™* 10 ' di9 Ko ^P°"^Ber,en Poiy«hylen-Viny.alkeholauhveist, derer- 
£ £1 T TT. d9S ^P^'^^ Poiyethylen-Vlnylacetats und einen Ethylengehalt von we- 
mger als 44 Gew-% sowie einen Hydrolysegrad der Acetatgruppen von 50 bis 100% aufweist 

12 ' 2TSS^3iCE?^i^ * KOmpW,en,en A B h *" von 1 6 b, 

13. Zusammensetzung nach Anspruch 9 t die umfaGt 

- ungefahr 20 bis ungefahr 60 Gew.-% der Starke-Komponente. 

- ungefahr 1 0 bis ungefahr 80 Gew. -% der Komponente A, 

- 0 bis ungefahr 45 Gew.-% der Komponente B. 

wobei die proz ntuafen Mengen bezogen auf die Summe aus Starke- und der gesamten synthetischen Kompo- 
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nente ausgedrOckt smd. 

15. Zuaammensetzung nach Anspruch 9. die umfaOt 

• ungefahr 5 bis ungefahr 60 Gew.-% der Starke-Komponente 
- ungefahr 40 bis ungefahr 30 Gew.-% der Komponenle A, 

• Obis ungefahr 35 Gew.-% der Komponente 8, 

a^e^k^^ 

16. ZusammensetTung nach Anspruch 15, die ungefahr 5 bis ungefahr 30 Gew-% der Komponente B aufwelst. 

17. Zuauiuneraetzung nach Anspruchen 1 bis 3. die 1 bis 50 Gew-%. bezogen auf das Starke/svrthetische FW,« 
ZT"2? Ett, ^ od * Pr <W«n9lycol. Ethylen-oderPrcpylendiglyco.. Ethylen-Xp^SS' pT„ 

* ■ Marnnmono ^^ Butylglucoskt Glucoseroonoethoxylat aXtahyloES 

dem Natnumsalz von Cart>oxymethylso,bit. Potygtycerolmonoethoxylat und Gemischen davon, umfaBt 

18. Zusammensetzung nach Anspruch 17. wobei der Weichmacher in einer Menge von 1 bis 50 Gew -% 

Z ^eT 998am,Bn ^^^^^ b <*^ - «- -S^er S« SrSTa 

JO 

*c 2 °' ^^"enselzung nach Anspruch 16, die Hamstol! in einer Menge von 0.5 bis 20 Gew% bezooen auf das 
35 6awfchrdergesamlenZusarTwnensetzung,aulwfeist. oezogen auf das 

21. Zusammensetzung nach Anspruch 1 Oder 8, die bis zu 5 Ge*-%. bezogen auf die Gesamt-Zusan™™^,™ 

40 

32 S^ e r^ tZUn v 9naCh 1 >^ aPf0ehBn 1 bi88 ' W0b6i ««••**•**• Komponentaein Poiymer oder Copofyme, 
ZSSS^ 1 ^ Weichrnache, ausgewahlt ausder in A^nSdefi- 

STETS^^ 1 ° d ° r 9 m " W ^ 5taS Gew.-%, bezogen eu, die 

so 

*' l^T??yr Xh A " spr0chen 1 bis 24. die ein Additiv mm das ausgewahft wrd aus der Gruppe be- 
stehendausCellutoseacetat und Celfulosenitral. regenerierter Cellulose. Alkylceikilose. CarboxymathylSETtoae. 

« * fuS en8e,ZUnfl ^ An8PfUCh 1 ^ 8 "*■' ^ S, ^«"P«^'» mehr ate 78 Gew,% Amyl*ectin 
ponome, em s Additive anthak. das ausgewahlt wird aus der Gruppe bestehend aus Borsaure, Borax, Metabor- 
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saure, AJuminiurrtiydroxid und AJkalimetall-Salzen. 

29 ^rSTST 9 ^ AnSP ~ Ch 9> "" M die A ein Potymar umMR. das durch Pohrmerisation 

enes ahphalischen Owls mit einer Dicarbonsaure erhalten wird. polymerisation 

*" S^ 0 8 «*T gn 0 a '! hAnSprUCh29 ^^^P^^weinasaliphattechanOiotamitajnarOicar- 
bcnsaure erhallone Polymer ausgewan* wird un.er Po^etnylen und Po*bu.y.enadipa,en und sebacZ 

55 Vtochmachar, der ausgewahl. wird untar Qlycarin und Sorbit odar Gemischan davon. 

Revendicationa 

1. Una composition poymere susceptible d'etre obtenue par extrusion, dans des condlions de tem>««tun». P i * 
cwMment randan, tea corposants po^rea compares tfun poin.de 

= a„, un composant a base tfamidon a, un composam a base da po V mere ZJ^TIS? 

lESSZJJESS"'* aliphatt,U6S comportan, de 2 * 24 a,omM de dM 

SL^' ymere9 !!t deS hydr °* y1 * 3 a * W * M ^Potent 2 a 24 atomesde carbons, das lactones ou dea 
aclKte ' coTOaporKtar^ avec dee monomeree sflectionnes dana le groupe consists en acides tZZZ 
alphabquca comportant do 2 a 24 atomca do carbono aufrcs que cctui consutuant lo prcrn^ZES? 
aTcX*: laCtida8 °° rr8SPOn<Jan,S aC ' deS ^roxyies arenas, ^aaT.^^ 

i) cellulose ou cellulose moditiee telle que acetate de cellulose, carboxymethylcellulose 

ii) amy lose, amybpectine. amidon modifie ou naturel • 

S^;^ * ** " d ° - 

- des isocyanates bifonctlonnels aromatiques ou alphatiques, 
des epoxydes bifonctionnets aJphatiques ou aromatiques, 

• dee acides dicarboxyliques aliphatiques, 

- des acides dicarboxyliques cycloaliphatiques. 

- des acides ou anhydrides aromatiques, 



|v) polyureihanes, poly«mide-ur^lhanes provenanl de dfisocyanales at d^ninoateools. polyamides po- 

^^^ h y^^^^n^ clans le groups consistent en pdyvinylalcooi. copolymers ethy- 
ls totalement ou partiellement hydrolases, at les poVsaccharides ailant juaqu'aux dex- 

vi) pofyvinylpyrrolidon , copolymeres polyvinytpyrrolldone^cetate de vfcyte, pctyethyloxazolines- 
vu) polymeres Kxiomeres sdlectionnes parmi polyacrybtes et pcrtymethacrylates ; 

d) polyesters obtenus a panir de monomeres ou comonomeras tets que definis ckiessus aux points a) et b) 
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amSltorfls par des agents ^extension de chains setectionnes d*« le groupe consistent en isocyanatas eooxv 
des.phenylestersetcartxinalesaliphaliques; ™ 8 msocyanaies.epoxy- 
a) polyesters obtenus A parti, das monomeres at comonomerea defmis aux ports a) et b) cMessus ra« B i 

s^nte^t^^ 



TO 



f5 



20 m6langoa 



amrdon, polyniere syntheliquo choisis parmi copdymeres elhylene-alcool vinylique. polyalcool vinylique 
2 S?? 0 ? wwNMt modi,* at tours flanges, un sacond compoean, oh^^".)I^K 
at plants aulres qua sorbite, at astars antiques da g.ycero. at choisis danaVgroupa auiZ 
polyote contenan, 1 a 20 motifs hydroxyles repetitif s, chaqua met! comportan, 2 a 6 atomes da carbons 
ftcnMta qua iorsqua la polyo. as, form, par un seu. mc.il rtpelitil. » comporta au moms 4 atcTaT* 

?*2^^'J!Z!^1 U Z. 0 ^' eSlWS or 9 anit ' ues el Uniques, acalals el derives amines da poryols formees de 
1 a 20 motrfa hydroxyles repetitite comportant chacun 2 A Satomesde camone 

" r6a l 0f « t * 0 P 0| y o,a y^' 1 "Omotifahydroxylesrtpetitilsconvortamchacun 2a6 atomas 
de caibone avec das extenseurs de chalfie; 

»,™ 8 I° Xy( l!! i0n d9p0fy0,ayantdal * 20 "V*™** *P«««s comportant chacun da 2 a 8 
atomes da carbons et comportant au moina un groupe lonctionnel aldehyde ou carboxyiique ou leurs 
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4S 



SO 



Z ^L^!^ W " 8 !!* tereven * caUon V ta « ue,te 18 composant a base tfamldon et le composarrt polymere 
de synthase son, presents salon m rapport ponderal de 1/9 a 9/1 et de preference de 1/4&4/l.^^ 

3. decomposition salon una quelconque das ravencf cations , ou 2 dans laqueKe le composant de synthase est 
un melange d'un polymere a) at d'un copolymers b). ™mposani ae aynthdea est 

4 " ^^^hT*™ b /f ven i ca1ion 1 ^'W»»e^P<^tdesynftaeeestunpoVmareouunccpo- 
fymere d un ^ydroxyacKJe ou tfune lactone correspondante selectonnee dans le groupe consistent en arides 
6-hydroxycapro.que, B^droxyoctenolque e, 3.7-dimelhyl^hydroxyoctanoique. core ««™ acdes 

6. Uno composition scion la revendicafon 4, dans laquclle lo composant dc synthase c, un copolymcrc d'un c-hv- 
lenediisocyanate. isophorondisocyanate et hexanemethylenediisocyanate. 

^ ? T 9nd,Cati0ftS 1 * 5 ' *" ^ U8lle 18 *» synthase comprend du poly* 

caprotectone ou un copolymere d'un poly*caprolactone e, d'un isocyanate aliphatique ou aromaliqua ou w L- 

cTca^^ 

P^oSeTl a l/1 avec un isocyanate a.iphatique ou aromatiqua salon m report 

oZ^^^T ^7 ,B8 P ° lyme,eS a) 4 6) el * 8 metan98S en <" rivanl 91 ^" composanl B com- 
prenan, un polymere denvan, da rnonomeres elhylanlquemen, hsatures. (edit polymere presenlan, das unites 

rapawrves comportant au mohs un groupe polaire lonctionnel selectionne dans le groupe consistent en hydroxvle 
carboxyte. carboxyalkyle. alkyfcarboxyle. pyrrolidy to el acetel. ladite composition c^pYenan, m pto^ifianSsi 
dans to groupe constant en glycerol, glycerol mono- et delates, scrtitol, ethylene a, ptcpylena glycols. iZ 
<e™°"P^anea^ 
neaioi, i : 3- propane dlw, 

10 ' ^^ MXiwa ^ iBf ^ a '^9.dB W ^ B i^ composant B comprend un p lymere selectionne dans 
le groups consistent en potyvhytaleool. copolymers tfethytene-acide acryllque. ethylene-aceate de vinyle. ethy- 
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Ifine-alcool vinylique. dthylftne modffid-alcool vinylique, poV(alcool vinylique) modifie et las m«anges an darivant. 

11. Una composition salon la revendication 10, dans laquaSe Is composant 8 comprend un poly-ethvlene-afcool vinv 
SSetT^ ST ? " ^Vlenaaca.a«a da vinyle coaespondan, Z^^tZTJ^Z* 
infeneure a 44% en pods et un degre dtiydrolyse des gioupes acetates de 50 a 100 %. 

13. Una composition salon la revendication 9. comprenant: 

- d'environ 20 a environ 60 % en poids du composant a base d'amidon ; 

- d'environ 10 k environ 80% en poids du composant A: 

- d'environ 0 a environ 45% en poids du composanl B. 

tot quantiles en pour<ent slant axprimees par rapport a la somme de ramidon et du total du composant de syn- 

14. Una composition selon la revendication 1* comprenant d'environ 10 a environ 50 % en poids da composant A el 
d'environ 2 & environ 30 % en poids du composant B. composant A el 

15. line composition selon la revendication 9. comprenant : 

- d'environ 5 k environ 60 % en poids du composant k base d'amidon. 
• d'environ 40 a environ 80 % an poids du composant A; 

- d'environ 0 k environ 35 % en poids du composanl B. 

lea quanta* an pour-cent etant axprimees par rapport a la somme de ramidon et du total du composant de syn- 

1«. Una composition selon la revendication 15. comprenant d'environ 5 a environ 30 % en poids de composant B. 

17. Una composition salon una quelconque des revendkations 1 a 8. comprenant da 1 k 60 % en poids par raopori 
au systeme. amidon/polymere de synthase cfun plastifianl setecBonni dans le groupe consistant entfvclrfne 

^^^'Lf hV,6ne °° P"** 6 ™*^ ou propylene digtycoi, Xylene ou propyl 

I6ne triglycol. polyethylene ou polypropylene glycol, ^-propanediol, 1,3-propanedtol 1,2-. 1 3- 1 4-butanectol 

l2T^^J, ,5 S nedW ' '■ 2 ' 6 "' LM*™"**. neopentylglycoL Wmethylolpropane. pentaArythrltol' 
achate de sorbitol, dracetate de sorortol. monoethoxylate de sorbitol, dipropoxybte de sorbitol. dittoxybte de 
sorbitol, hexaethoxylate de sorbitol, aminosorbitol. trihydroxymethytamnomethane. glucoseyPEQ. le produit de la 
1°?? tf6thy,6 ? e t . av6c * * ucosa ' trimflthytolprcpane monodthoxylato, monoacetale da mannitol. 
^ d * ' nann,,0, • butyl 9,ucoa ' de ' monoethoxylate de glucose, a-methyl-gtucoside. sel de sodium du 

carboxyrnflhylsoibitol, polyfmonoethoxylate de glycerol) et les melanges en darivant. 

18. Une composition selon la revendication 17. danslaqueUele plastfiant est present an unequantitede 1 a 50% en 
wZZto^ 0 * aU p0id " d9 13 cow P c * rtK3n ,wate consistent en composant a base d'amidon et en composant 

19. "^""position seton la revendication 16. dans I aqua lie is plastifianl estselectionneparmi la glycerines, rethoxy- 
lale de sorbitol, el les mttmges en dfirivanl. ' 

20. Une composition seton la revendication 16. comprenant de Curee en une quantite de 0,5 a 20 % en ooids oar 
rapport au poids de la composition totals. ^ ^ 

21. Une composition seton la revendication 1 ou 8. comprenant jusqua 5 % en poids. par rapport a la composition 
gtobaK rfun polymer hydrophobe selection^ dans le groupe consistant en polyethylene, polypropylene et po- 

22. Uno composition seton une quelconque des revendicattons l k 8 dans laquelle le composant synthetlqu comprend 



26 



EP0539 541 B1 

Zr^ndiSr* Sebn ^ * 9) * ' a reV ^^' e ' un P'^^^sl 9y oup e te. q u9* fi ni 

"\^ut£^ 

M ' tSZgSSZ ' a feVendk!a,ton 1 ° U 8 * PrtSen,an, ^ ,6neUf ««*'."■% - poris pa, rapport 

25. Une composition selon une quelconque des revendications 1 a 24 comprenant un addtil choisi dans la orouoe 
cons,s«an. an acetate e. nlrata da callulosa. ceflutose regeneree. alkyl cellulose. caxtexymCLtlose. 

26 7^;rpzxt P t;r ndtea,ion 1 ou * dans bque " 8 18 * *»• p* <* 

27 l^J^f ^ l™ V T diC !? ,n ' 00 8 ' *» 0-01 * 10 % en ports, par rapport au poids du 

29. Una composition salon la revendieation 9 dans laqueiia le oomposant A eomprand un polymere obtenu oar oolw- 
mensaaon d'un diol altohatique avac un acide dicarboxylique. ^ 

30. Una composition sebn la revendieation 29 dans laquelle le poiymere oblenu par polymerisation dun did aBpha- 
bqu. avec un ac.de dicarboxylique est choisi parmi les polyethylene et pdybu^ttne adTpate, el se^tes 

31. Articles, el en partcuHer films. feuiOes. fibres et filaments telsqu'ib sont susceptbles rfetreobtenus par Putilbation 
d-une composdon potymere selon une quelconque revendications 1 a 9. ^ 

32. Un Hm ou feuMIc obtcnuos a part,r cfuno composition proparec a partir d'uno masso londuo comprcnant amidon 
pdycaprolactone et un plastrfiani choisi parmi glycerine, sorbitol ou leurs melanges. ' 
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Introduction 

The management of solid waste disposal with regard to the decreasing availability of 
landfills, the litter problem and the pollution of marine environment is becoming very 
urgent in the industrialized countries and risks to extend very quickly to the 
developing countries. 

Obliged approach is the valorisation of waste as a resource through its separation 
into specific fractions, to be transformed into new products with a certain market 

value. 

Technological aspects such as the development of safer and more efficient recycling 
technologies and the development of materials easy to reuse or recycle and of 
biodegradable materials can significantly contribute to the solution of the problem. 
Biodegradable polymers constitute a loosely defined family of polymers that are 
designed to be degraded by living organisms. They offer a possible alternative to 
traditional non-biodegradable polymers when recycling is unpractical or not 
economical. Technologies like composting used for the disposal of food and yard 
waste, accounting for 25-40% of total municipal solid waste, are the most suitable for 
the disposal of biodegradable materials together with soiled or food-contaminated 
paper. 

International organisations such as the American Society for Testing and Materials 
(ASTM) in connection with the Institute for Standards Research (ISR), the European 
Standardisation Committee (CEN), the International Standardisation Organisation 
(ISO), the German Institute for Standardisation (DIN), the Italian Standardization 
Agency (UNI), the Organic Reclamation and Composting Association (ORCA), are 
all actively involved in developing definitions and tests for biodegradability in 
different environments and compostability (1,2). 

Although a standard world-wide definition for biodegradable plastics has not been 
established, nevertheless all the definitions already in place (ASTM. CEN, ISO) 
correlate the degradability of a material to a specific disposal environment and to a 
specific standard test method which simulates this environment in a time period 
which determines its classification. 

According to this approach CEN, ORCA, UNI and DIN have defined, at draft level, 
the basic requirements for a product to be declared compostable based on: 
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• Complete biodegradability of the product, measured through respirometric tests 
like ASTM D5338-92, ISO/CD 14855 and corresponding CEN draft or the modified 
Sturm test ASTM 5209, in a time period compatible with the composting 
technology (a few months); 

• Disintegration of the material during the fermentation phase; 

• No negative effects on compost quality and in particular no toxic effects of the 
compost and leachates to the terrestrial and aquatic organisms; 

• Control of laboratory scale results on pilot/full scale composting plants. 

These requirements set forth a common base for an universal marking system to 
readily identify products to be composted. 

Starch-based materials are now industrial products and are leading the still small 
market of biodegradable products, whereas aliphatic polyesters, another promising 
class of materials, are at an advanced at development stage. 
The market potential for biodegradable products in the next 5 years can be 
estimated in about 30000-40000 ton/year in Europe. USA and Japanese markets are 
of great potential, but still at a very early stage of development with the exception of 
starch-based loose-fillers. 

This paper revises the state of art of thermoplastic starch and the results obtained by 
Novamont on thermoplastic starch complexed with synthetic 
hydrophylic/hydrophobic copolymers, on thermoplastic starch blended with not 
compatible synthetic polymers and on thermoplastic starch partially complexed with 
not compatible or slightly compatible synthetic polymers. 

As an example of the properties achieved by starch-based materials up to now, the 4 
classes of Mater-Bi products currently available on the market are described in terms 
of processability, physico-chemical and physico-mechanical properties and 
biodegradation behaviour, in comparison with polystyrene and low density 
polyethylene. Starch-based biodegradable materials' future market perspectives are 
also presented as a function of the legal environment. 

Starch-Based Materials: State of the art 

Starch is an inexpensive abundant product available annually from corn and other 
crops. It is totally biodegradable in a wide variety of environments and can permit the 
development of totally degradable products for specific market needs. 
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Degradation or incineration of starch products recycles the atmospheric C0 2 trapped 
by starch producing plants during their growth, thus closing the biological carbon 
cycle. 

Starch is constituted by two major components: amylose, a mostly linear alpha-D-(1- 
4)-glucan and amylopectine, an alpha- D-(1-4) glucan which has alpha-D-(l-6) 
linkages at the branch point. The linear amylose molecules of starch have a 
molecular weight of 0.2-2 million, while the branched amylopectine molecules have 
molecular weights as high as 100-400 million (3-4). 

In nature starch is found as crystalline beads of about 15 ^m- 100 jim in diameter, 
in three crystalline modifications designed A (cereal), B (tuber), and C (smooth pea 
and various beans), all characterised by almost perfect left-handed, six-fold double 
helices. 

Thermoplastic Starch: Starch can be made thermoplastic according to a 
technology very similar to extrusion cooking. Extrusion cooking and forming is 
characterized by sufficient work and heat being applied to a cereal based product 
to cook or gelatinize completely all the ingredients. Equipments used for high 
pressure extrusion heat materials during processing, and continually compress 
them. 

Thermoplastic starch products with different viscosity, water solubility and water 
absorption have been prepared by altering the moisture content of the raw product 
and the temperature or the pressure in the extruder. A thermoplastic starch can be 
solubilized without any formation of maltodextrins, and the extent of solubilization 
depends on extrusion temperature, moisture content of starch before extrusion and 
the amylose/amylopectine ratio (5-9). 

Thermoplastic starch alone can be processed as a traditional plastic; its sensitivity to 
humidity, however, makes it unsuitable for most of the applications. 
Main use of thermoplastic starch alone is in soluble compostable foams such as 
loose-fillers, expanded trays, shape molded parts, expanded layers, as a 
replacement for polystyrene. 

Thermoplastic starch-composites 
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Starch can be destructurized in combination with different synthetic polymers to 
satisfy a broad spectrum of market needs (10-26) Thermoplastic starch composites 
can reach starch contents higher than 50%. 

Thermoplastic starch in combination with synthetic polymers can generate 
three different families of materials: 

1 . Thermoplastic starch complexed with synthetic copolymers containing hydrophylic 
and hydrophobic units (i.e. copolymers of vinyl-alcohol, polyester-urethanes, 
ethylene-acrylic acid copolymers etc.). 

2. Thermoplastic starch blended with incompatible synthetic polymers (cellulose 
derivatives, aliphatic polyesters etc.) 

3. Partially complexed and/or compatibilized thermoplastic starch blended with 
incompatible or slightly compatible synthetic polymers. 

The biodegradation behaviour of the different products is mainly influenced by the 
biodegradability of the synthetic component, although the presence of starch can 
significantly influence the biodegradation rate of intrinsically biodegradable synthetic 
components. 

Thermoplastic starch complexed with synthetic copolymers 

As an example starch/vinyl alcohol copolymer systems, (27) depending on the 
processing conditions, on starch type and on copolymer composition can generate a 
wide variety of morphologies and properties as a result of the extent of a complex 
formed between amylose and the synthetic molecules (Figg. 1-2). Second derivative 
IR studies suggests for the amylose configuration a six folded single elix identified 
as a "V" structure. 

A model has been proposed considering large individual amylopectine molecules 
interconnected at several points per molecule as a result of hydrogen bonds and 
entanglements by chains of amylose/vinyl alcohol copolymer V complexes. 
This structure has been defined in the literature as "interpenetrated" and makes 
starch completely unsoluble (27). 

The biodegradation rate of starch in these materials is inversely proportional to the 
content of amylose/vinyl alcohol copolymer complex (fig. 3). 
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Fig. 1: 



Droplet-like structure of thermoplastic corn starch/EVOH system (50:50 
w/w on a dry basis), after disgregation in boiling water 
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Fig. 2: 



Layered structure of thermoplastic waxy maize/EVOH system (50:50 w/w 
on dry basis) after 3 days of soil burial 
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Fig. 3: Weight loss of thermoplastic corn starch/EVOH (60:40) films in a soil 
burial test as a function of time and of amylose content (a) 70% amylose; 
(b) 25% amylose; (c) 5% amylose 
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The products based on starch/polyethylen-vinyl alcohol (EVOH) show mechanical 
properties good enough to meet the needs of specific industrial applications. Their 
moldability in film blowing, injection molding, blow molding, thermoforming, foaming 
etc. is comparable with that of traditional plastics such as PS, ABS, LDPE (23). Main 
limits of these materials are in the high sensitivity to low humidities, with consequent 
enbrittlement. 

The biodegradability of these composites has been demonstrated in different 
environments (29). The degradation rate of 2-3 years in watery environment remains 
too slow for considering these materials compostable (fig. 4). 

Thermoplastic starch not complexed or partially complexed with incompatible 
polymers 

Starch can also be destructurized in presence of more hydrophobic polymers such 
as aliphatic polyesters (30). 

It has been found that the blending of starch with aliphatic polyesters allows to 
improve their processability and biodegradation behaviour thereof. Particularly 
suitable polyesters are poly-e-caprolactone and its copolymers, or polymers at 
higher melting point formed by the reaction of glycols as 1 ,4 butandiol with succinic 
acid or with sebacic acid, adipic acid, azelaic acid, decanoic acid or brassilic acid. 
The presence of compatibilizers between starch and aliphatic polyesters such as 
amylose complexed with aliphatic polyesters or with polymers partially or completely 
compatible with polyesters (31), starch grafted polyesters, chain extenders like 
diisocyanates, epoxydes, etc. can improve the properties of starch-composites. 
These types of materials are characterised by excellent compostability, good 
mechanical properties and reduced sensitivity to water. 

Thermoplastic starch can also be blended with cellulose derivatives as reported in 
the literature (29). Thermoplastic starch in this case can be found a dispersed form 

(Fig. 5). 

Plasticized thermoplastic starch 

The combination of gelatinised starch with a soluble polymer such as polyvinyl 
alcohol (PVOH) and/or polyalkylen glycols was widely considered since 1970. In the 
last years the system thermoplastic starch/PVOH has been mainly studied for 
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Fig. 4: 



Weight loss (wl) of Mater-Bi AI05H (A class) (thermoplastic starch/EVOH 
60:40) under Semicontinuous Activated Sludge (SCAS) test conditions as 
a function of time (f) 
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Fig. 5: 



Microstructure of a thermoplastic starch blended with poly-e-caprolactone. 
The starch component has been removed by etching with HCI 1N 
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producing starch based loose fillers as a replacement for expanded polystyrene (32- 
35). 

The results obtained in the field of thermoplastic starch in combination with polym rs 
or copolymers of vinyl alcohol and with aliphatic polyesters and copolyesters in 
terms of biodegradation kinetics, mechanical properties and reduced sensitivity to 
humidity make these materials ready for a real industrial development starting from 
film, foam and injection molding applications. The present global market is of about 
12000 tons/year. 
Main producers are: 

• Novamont with Mater-Bi products for films, injection molded items, 
extrusion/calandering, thermoforming, foaming; 

• Enpac with products for loose-filler sold under Envirofill trade-mark 

• National Starch with expanded products sold under EcoFoam trade-mark 

Properties and applications of Mater-Bi starch-based materials 

Under Mater-Bi (67-69] trademark today Novamont produces four classes of 
biodegradable materials (tab. I), all based on starch and differing for the synthetic 
components: 

- Class Z : Biodegradable and compostable, mainly for films and sheets. The 
biodegradation behaviour is reported in figg. 6-7. They contain thermoplastic starch 
and poly-epsilon-caprolactone and have been introduced on the market at the 
beginning of 1992. The microstructure of the products belonging to this class can be 
very different, ranging from thermoplastic starch dispersed in the synthetic 
component (fig. 5) as in case of Mater-Bi ZI01U, to thermoplastic starch in a 
semicontinuous phase, as in case of Mater-Bi ZF03U/A. 

- Class V: biodegradable, compostable and soluble, as a replacement of polystyrene 
packaging foams. Their biodegradation behaviour in watery environment is reported 
in fig. 8. They have a starch content > 85% and can be defined as thermoplastic 
plasticized starch. 

- Class Y: biodegradable and compostable, for rigid and dimensionally stable 
injection molded items; they contain raw materials all from natural origin such as 
thermoplastic starch in a dispersed form and cellulose derivatives. 
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Tab.l: MATER-BI: CLASSES AND GRADES 



2 CLASS 


• Biodegradable and compostable mainly for films and sheets. 

• Biodegradation time of 20-45 days in composting conditions. 

• Made of thermoplastic starch and poly-e-caprolactone. 


GRADE 
ZF03U/A 
ZF02U/A 
ZI01U 
ZI01U/T 


TECHNOLOGY \ 
Film blowing. 
Filmblowing. 

Film blowing/Extrusion/Casting 

Injection Molding. 
Extrusion/Calandering/lnjection 
molding 


USE j 

Bags, nets, paper lamination, 
mulch films, twines, wrapping film ... 
Diaper backsheets, paper lamination.. 

General purposes, wrapping film... 

Thermoformed and injected items... 


Y CLASS 


• Biodegradable and compostable for rigid and dimensionally 
stable injection molded items. 

• Biodegradation time of about 4 months in composting conditions 
and 30 days in anaerobic conditions (1 mm in thickness). 

• Made of thermoplastic starch and cellulose derivative. 


GRADE 
YI01U 


TECHNOLOGY 
Injection molding. 


USE 

Cutlery, boxes, flowers pots, seedling 
plantertrays, golf tees, vending cups, 
pens... 


V CLASS 


• Biodegradable, compostable and soluble for rigid and espanded items. 

• Biodegradation time even shorter than Z grades. 

• Content of thermoplastic starch more than 85% . 


GRADE 
PE02U 
PE03U 


TECHNOLOGY 
Foaming. 
Injection molding. 


USE 

Loose fillers and packaging foams as a 
replacement of polystyrene... 
Soluble cotton swabs, soluble items... 



A CLASS 



Biodegradable, not compostable, mainly for molded items. ~ — ~ 
Biodegradation time of about 2 years in an environment simulating 
a sewage sludge treatment plant. 

Made of starch starch and ethylene vinyl-alcohol copolymer, used 
in applications where compostability is not required. 
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Fig. 6: 



Aerobic biodegradation of Mater-Bi products of class Z under controlled 
composting conditions (ASTM D 5338-92), in comparison with pure 
cellulose (test performed by VTT Institute, Finland) 
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Fig. 7: Aerobic Biodegradation of different Mater-Bi grades in presence of 
municipal sewage sludge (ASTM D 5209-91 test) 
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High solid anaerobic digestion of Mater-Bi YI01U in comparison with 
cellulose powder (ASTM D 5511-94 performed by OWS, Belgium) 
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The biodegradation behaviour in different environments is reported in figg 7.9 
Mechanical properties (tab. II) and moldability are very close to those of 
polystyrene. 

- Class A : Biodegradable, not compostable materials (biodegradation time of two 
years in a liquid environment (Fig. 4). They contain thermoplastic starch heavily 
complexed with ethylene-vinyl alcohol copolymers. Their main uses are in sectors 
were compostability is not required. 

Novamont has launched in the last years two new grades of Mater-Bi for films 
belonging to class Z, 2101 U and 2F03U/A. which got the "OK COMPOST" certificate 
released by AIB-Vincotte Inter, an international company of auditing. 
The assignment criteria of the "OK COMPOST" label follow the ORCA 
Compostability Criteria and the draft guidelines currently under discussion by 
International and National Committees such as CEN, ISR/ASTM, ISO, DIN, UNI. 
Moreover the biodegradability of the two materials in composting conditions has 
been measured by VTT. Finland (fig. 6) and by other institutes. 
Data of biodegradability in different environments are reported in figg. 6-7, 10. Their 
mechanical properties are very similar to those of low density polyethylene (tab. III). 
These Mater-Bi materials are industrial products designed for films and layers An 
important example of a successful application of these two grades is represented by 
the compostable bags for organic and yard waste collection. The films and bags can 
be produced by means of traditional film blowing and sealing equipment for low 
density polyethylene with minor modifications, reaching similar productivities. Bags 
of different sizes are already used by millions of European citizens for the separate 
collection of the organic fraction of MSW to be composted. 

Novamont entrance on this market sector has been preceded by a comprehensive 
study on the behaviour of Mater-Bi bags in different composting plants (from static 
wndrows to rotary fermenting reactors) and in "in-use" conditions, in cooperation 
with some European municipalities like Furstenfeldbruck (Germany), Korneuburg 
(Austria), Trento and Bellusco (Italy). The preliminary study has been completed in 
about 2 years, from 1992 to 1994. The summary of this preliminary activity has been 
presented at the International Conference 'The Science of Composting" in 1995 
(36). 
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Tab. II : Some physical properties of Mater-Bi YI01U in comparison with 
traditional plastics 



TEST 


PROCEDURE 


UNIT 


VIA4 1 1 


PS 


Density 


Pycnometer 


g/cm 3 


1.35 


1.04+1.09 


Melt fow rate 


ASTM D1238 


g/10 
min 


10*15 
(at 190°C. load 5 Kg) 


8 + 12 


Tensile strenght 


ASTM D882 


Mpa 


25 + 30 


35 + 64 


Elongation at 
brake 


ASTM D882 


% 


I 2 + 6 


1 +2.5 


Tensile 
modulus 


ASTMD882 


Mpa 


2100 + 2500 


2800+350 
0 
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Some physical properties of Mater-Bi grades belonging to Z class, 
in comparison with traditional plastics [68] 



TEST 


PROCEDUR 
E 


UNIT 


2F03U/A 


ZI01U 


LDPE 


MFI 


ASTM 
D1238 


g/10 min 


4-5.5 


1.5 


0.1 -22 


oirengtn at 
break 


ASTM D882 


MPa 


31 


35 


8-10 


Elongation at 
break 


ASTM D882 


% 


886 


890 


150-600 


Young 
modulus 


ASTM D882 


MPa 


185 


197 


100-200 


Tear strength 

. Primer 

. Propagation 


ASTM 
D1938 


N/mm 
N/mm 


68 
68 


75 
75 


60 
60 



B / 20 




Fig. 9: 



Weight loss of Mater-Bi YI01U under composting conditions (test method 
described in J. of. Env. Polymer Deg. 996 4:55-6) 
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Fig. 10: Weight loss of Mater-Bi ZI01 U (class Z) under composting conditions 



B / 22 



Both the in use performance and compostability of Mater-Bi bags in full-scale 
composting facilities have been fully satisfactory. 

Besides composting and yard waste bags (fig. 11), other main uses of Mater-Bi 
products are in the field of short life applications such as shopping bags, mulch film, 
film for wrapping, loose-fillers (fig. 12) and expanded shape molded parts as a 
replacement for polystyrene, soluble cotton swabs, nursery pots, cutlery, etc. 

Market potential: challenges and risks 

Starch-based products made of thermoplastic starch in combination with aliphatic 
polyesters and copolyesters and with cellulose and starch derivatives are already 
available at industrial level. Their biodegradation rate similar to that of cellulose, 
their mechanical properties close to those of traditional plastics like polyethylene 
and polystyrene and the achieved reduced sensitivity to humidity, make these 
materials particularly suitable for the production of films, injection molded items and 
foams. 

Notwithstanding these positive results, thermoplastic starch based materials are still 
at an early stage of development with many opportunities still to be taken. 
Aspects such as capability to recycle atmospheric C02 and low energy content of 
renewable raw materials as well as the increased productivity of present crops due 
to more advanced agricultural technologies and improved genotypes, make their use 
as raw materials for biodegradable products very challenging, on conditions that the 
possible chemical modifications and purification steps will not significantly increase 
their energy content. 

Biodegradable materials besides biodegradability and low energy content, however, 
have to perform as traditional plastics in order to have a market potential. 
Starch-based materials in specific applications have already achieved properties 
very similar to those of LDPE and PS. 
A real growth of the market is tied to: 

• compostability label to exclude not truly biodegradable materials ; 

• growth of separate collection of organic and yard waste and development of 
composting infrastructures; 

• legislative attention for materials from natural sources; 
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Fig. 12: Loose fillers made of Mater-Bi of class V 
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• promotion of the concept that cost of disposal is an integrant and relevant 

component of a product's cost. 
Today the efforts of European Community, Agro-industry and Agricultural 
Organizations to support Research and Development on this matter are still not 
flanked by an equivalent market support of the starch-based materials available. 
Support efforts are desirable to keep in front of the final users the contribution that 
specific starch-based products on the market makes to the waste disposal system 
and to a more compatible development. The average European has no idea of the 
impact of these products to his lifestyle and it is difficult to generate support for 
something that jriost people do not know. 

This is one of the main reasons why, besides the already demonstrated possibilities 
of these materials in certain applications, still the market development is very limited. 
The present sales volume for starch-based materials is lower than 12000 ton/year, 
and represents the overall sales of biodegradable materials in 1996. 
Whereas the possibilities offered by the market are very wide, covering agricultural 
applications, packaging products with particular attention to expanded foams, fast 
food items, composting bags, diaper backsheets etc. and justify a potential market of 
about 500.000 tons, the absence of a legislative attention could dramatically delay or 
even block the development of this business area. In case of no significant changes 
of legislative attention the forecasted sales volume for the next four years will not 
reasonably exceed the 40000 ton/year. 
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